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POLYMER DISPERSION AND METHOD TO PRODUCE THE SAME 



The invention relates to starch-based polymer dispersion, which contains a co- 
5 polymer of starch with monomers. The invention also relates to a process for 
the preparation of said dispersion and its use in paper manufacture, particularly 
as a surface sizing additive for paper and as a wet- and dry-strengthener for 
paper which is added to the wet end of a paper machine. The term paper as 
used in this invention refers to both paper and paperboard, which are prepared 
io by using either a wood-containing or a chemically processed fibre or a recycled 
fibre or a mixture thereof. These papers include fine papers, LWC papers, SC 
papers and newsprint papers, packing boards and folding boxboards. 

US patent No. 4,301,017 (Standard Brands Inc.) discloses an aqueous 
15 polymeric dispersion, which is produced by co-polymerization of at least one 
vinyl monomer in an aqueous solution of a thinned/degraded starch derivative. 
The starch derivatives used were diethylaminoethyl, acetyl, cyanoethyl or 
carbamoethyl derivatives. Such derivatives are just slightly ionic at neutral pH 
values, and in papermaking processes, best functioning is achieved only at low 
20 pH values (pH < 6) in which they are partly ionized. Nowadays, most 
papermaking processes are neutral, and, consequently, polymers should also 
act at pH values in the range from 6 to 9, preferably from 7 to 8.5. The degree 
of substitution of the starch used in the above mentioned patent and having 
the above mentioned substituents should be at least 0.05. Before 
25 polymerization, starch is degraded/thinned enzymatically to a preferable 
intrinsic viscosity value ranging from 0.12 to 0.28 dl/g. Ce(IV) salts have been 
used as a polymerization catalyst (initiator). 

Patent DE 37 02 712 (US 4,835,212; BASF AG) describes the preparation of 
30 polymer dispersions from starches having an intrinsic viscosity of from 0.04 to 
0.12 dl/g. Also the starches used in this patent are enzymatically highly 
degraded before the polymerization. In the examples, slightly cationic 
commercial starches have been used which have a maximum degree of 
substitution (DS) of 0.07. As monomers, in patent DE 3,702,712 it was used 
35 from 40 to 140 parts by weight, based on the total polymer, of a monomer 
mixture containing from 20 to 65% by weight of ocrylonitriie or meth- 
acrylonitrile, from 80 to 35% by weight of acrylic acid esters and from 0 to 
10% by weight of other co-polymerizable monomers. Peroxides were used as 
catalysts. 

40 

It is an object of this invention to provide dispersions which have a novel 
composition and an improved reactivity in comparison with the prior known 
dispersions, and a good retention and adherence to paper fibres. The 
dispersions according to the invention can be used as an additive in paper 
45 surface sizing and as a wet- and dry-strengthener for paper which is added to 
the wet end of a paper machine. The invention also relates to a process for the 
preparation of said dispersions. 
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In surface sizing, different kinds of polymers are generally added to the 
surface-sized starch in order to improve printability . These polymers can be 
copolymers of styrene with maleic acid, various acrylates etc. In these cases, 
the effect of the expensive polymers added will not be totally utilized, while 
5 the polymers are not completely inter-miscible with starch (thermodynamic 
solubility coefficients differ too much from each other), and thus they do not 
form a completely inter-miscible polymeric network (interpenetrating network) 
while drying. 

10 It is one object of the present invention to produce polymer particles which 
have a surface structure similar to that of the used surface sizing starch, and, 
consequently, these two achieve a completely interpenetrating network. This is 
achieved by using as a polymer intermediate and a starting batch the same 
starch as or a starch chemically similar to the starch in the surface sizing agent 

15 itself. Then the particles formed during the polymerization remain in the starch 
film and are not separated during drying. If the starch is enzymatically 
degraded before the polymerization, other means are needed than only the 
starch itself for stabilizing the polymer, for example an emulsifier or water 
soluble monomers. In that case, the surface structure of the polymer is no 

20 longer similar to that of the surface sizing starch. 

A copolymer suitable to be added into the pulp on a paper machine can be 
prepared by customizing for each paper machine a starch derivative having a 
cationic value and other properties suitable for the wet end system of the 
25 machine. Also herein, the guiding principle is that the surface structure of the 
polymer particles is as similar as possible as the molecular structure (molecular 
weight, cationic value, branching etc.) of the starch or the starch-based 
strengthener used at the wet end. Then the polymers are not separated from 
the starch matrix while drying but form a completely interpenetrating network. 

30 

Unlike in the two processes mentioned above, in the present invention it is 
possible to produce copolymers by using non-degraded or only slightly oxidized 
(e.g. peroxide- or hypochlorite-oxidized) starch. For example, the starch can be 
potato starch, corn starch, barley starch, wheat starch or tapioca starch, of 
35 which the potato starch and corn starch are preferable. The starch is not 
enzymatically degraded before the polymerization, and thus it has an intrinsic 
viscosity of at least 1.0 dl/g, preferably from 1.5 to 15 dl/g, and most 
preferably from 3 to 1 5 dl/g. 

40 The polymer dispersion according to the invention is stable, and its viscosity 
does not increase too much during any preparation step. By using the oxidized 
starch, the carboxylic groups formed in the oxidation can also be utilized in the 
stabilization of the polymer. Because of the higher molecular weight of starch, 
it stabilizes the particle also sterically. Furthermore, the ionic groups formed in 

45 the oxidation and cationization stabilize the particle, and thus the water-soluble 
monomers are not necessary for the stabilization of the particle in the 
polymerization. In the enzymatic treatment of the starch, such stabilizing 
groups are not formed and the steric stabilization is disappeared as well, and 
then it is necessary to use emulsifiers, which are generally known to impair 
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sizing. At the same time, the strength properties o, the paper are drastically 
impaired. 

During the preparat^^^ 

th e range from 0 01 <°J f ^ r f 0 f * ™ ™ ° e VeZv from 0.08 to 1.0, and 
Z"a^om n o 9 1 l°0, 0 : 0 Ho~ active or anionized starch can he 
used as well. 

If th e starch is cationized, suitable cartoniz c hernias — ^ 

'Tt 5 -T^ZT^Z ftr^etM ^onium^hioride is a 

, ic^C — • nj^^ormed ^ZTst Til 

soluble form in an alkalme aqueous solutio > (pH > -7. prete V go% 
Then the aqueous starch solution has * ^fj^oc, prefera bly from 
preferably from 10 to 35%, and «^^™~ ^^J,., starch can also be 
75 to 90°C. The oxidation and cat.on.zation of the nax " formed 

„ performed simuitaneous^ but It ,s P^^^ ^.eTabiy occurs'at higher 

- •» - — ed at ,irst beoause 

of the gelatinization of native starch. 

;5 we have discovered that the best results ^^f^ r^S 
when, unlike in the prior known processe , a starch^ ™ 9 
weight (i.e. a higher intrinsic v,scos,ty> is '"^"^ubrtrtuents. and a suitable 
of substitution achieved by cation.c and/o - o ,c substitu ^.^ m 
monomer composition. In the P™*=" f „ rmed with a good film forming 

,„ composition provides ^ ^^°J^Z W ranging from -50 to 
capacity at the minimum f.lm forming ^ e ' a from 0 to 70 »C, even 

200°C, preferably from 0 to 100 C more prerer y ivlost 
more preferably from 10 to 50 = C ^anc mos. p£«My *° polvmerizable 
preferably, a mixture ,s used Jlv^l monomer. It should be 

35 monomers, of ^^\'^LT a ,L° o°r anionization^f the starch affects the 
notea tnai u>e uo«. w~ ~. <nr ovfl mnlp the hiqher the cationiuuy 

the propagation step of the polymerizat.on. 

The monomers used can be, for ^oZ^^^^ 
45 ^Z^XZZZ- ts ^Phobic monomer, such as 
styrene. 
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containing at least one vinyl monomer com prises these 

preferably from 0 to 70 °C, and 
c) water. 

r^rr^^i-^r^^^- » 

contain cationic substituents. 

The degree of substitution ^^^^^T^oX^^ 

BSSSSSS^sass 

10 to 60% of acrylates and from 10 to 60 /o ot siyrene, 
content of the product, and water. 

A preferable poiymer ^^^^ZT^^^^ 
Z^^J^Zi^™ of styrene, based on the 
solids content of the product, and water. 

A particularly preferable polymer dispersion according to the , invention 
ethylhexylacrylate, 31 % of styrene, and water. 

aware was sfiS 

preferably from 25 to 40%, and most preferably from 25 to 35 h. 

,n the process according to the invention, in order ^^^^ 
dispersion mentioned above, a monomer 

monomer is copolymerized in an aqueous solution of a starch , ana :t p y 
thus formed has a film forming temperature of from -0 to ^ 200 ^ Preferab y 
from 0 to 70° C The polymerization of the monomers onto the starch car aiso 
LTe^ormed by the sequential steps of adding each 
to the reaction mixture and allowing it to be polymerized onto the starch 
the addition of the next monomer. 



40 
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One advance of the invention ^^^Z^^l^ 
■«r^^^v m T^.^^r^^^ ub ^ ion of the ionic 
na s been weight of the starch 

groups onto the starch is slightly nig acrY |onitrile in part.cular, 

is high, it ^s been poss b,e to educe the a ^ ^ the polymeri2a ,ion 

even below 19%. In this case, it nas d prec i pi tation polymerization, 

evidently proceeds by • « bounVonto' the starch molecules, 

In this mechanism, hydrophobic groups are , from 
which are completely —^ ^ chajns 

p^r T^^c^helrs^clyLrization step. Then the initiation 
occurs in an aqueous solution. 

Th e initiators used can ^'^^^^^^ 
potassium persulfate or peroxides preteraD Y PP preferably 
redox pair, ^e polymerization t mp^ure ,s fro ^ 3 ^ 5 ^ 
from 75 to 80»C, and the pH s below 7 P ^ ^ ^ 1Q0% more 

P S,y" JcmTJ to ao'rand^p^erably ,om ,0 to 5 0 % , based on 
the amount of the dry monomer m.xture. 

The second polarization step .arts when the polyme r = ^ ^ 
and the amount of monomer wh.ch **£"*™™° n step 9 of tne polymerization, 
is increased. This step is known a % th ^^^ ionic groups start to 

The coagulation of the part.c.es ,s com \^ u ™ ccor6mco with the DLVO 
stabilize the formed particles. Th * s *! b '^^ ^ a partic le size which is set 
theory results in a stabilized amount of JP^icles^and p chemistry . The 

at an energetically stable range in a way known ^ 
initial particles thus formed a ^ "^.^^^..ng eV en without any surface- 
3 partic.es. In this case, ^ ^"^ agents are required 

active agents. In the P^f DE ^ 70 ^ 71 < lymerization proceeds according 
as well, which proves that in th at case t e p y 6g (ig4?) 

to the classical Harkins' model (W D Hark.ns J A the 
1428), in which the monomers are first situatea in 
5 initiation starts. 

hopn used and 

The third polymerization step starts when ce — By now 

X£JZZ2tt£Z Carres of the polymer particles have been 
;o formed. 

By using the process according to the -^-^XroTLtble'Ten^rofa 
is provided having a novel °°™V°*' w "™\x br ™TJe distance from each 

„ r ■« - J^cTSE forU^mopolymer is o,uite small. 
By using this poiymerization methoo, paper with a good adhesion and^hes.ve 
strength is achieved. In addition ' » ^£ ™ ™ es _ and it improves the 

50 ^JTJL&ZS^?^ -uired by new, fast-speed 
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•gap former' machines containing e.g. shoe ^ ^XeT^Zt 
Mature is that po.yn.er. mac ie by th,s proced^ „ ma^J ^ 

washing. 

Both ,n the paper puip and surface sizi "9 ap^ications turner h» b«n 
found to be so fully compat.ble w„h the pulpo surface s.z g ^ 
while the polymer is drying, no separation occurs. Then pap 
at their best. 

,„ surface sizing applications, *»°^2^^^^ 
Lpeciany in fine paper applications a more even r.n, M,«y « ■ * ^ 

- e p s pvrs H ■ 3 r Jva P r f t;r= 

in polymer stabilization. 

,„ the following ^■J^;r%g£££Z P-oS 

potato starch having an intrinsic v.scos.ty of 9 dl/g. 
starches is 82%. 



Example 1 



61.2 parts of starch 1 is slurriec I with 487 parts of ^ ^ ^ ed 
a^ed 10 parts °< ^^^'Z*^'^ tatd^ and it is allowed 

0 15 and the intrinsic v.scos.ty is 10 dl/g. The pH or tne 
Towered by adding 9.1 parts of 5% hydrochloric ac.d^ K parts a 
copper(,l)sulfate solution ,s added. The ^ feeding of th and 62 . 2 
conta,ns 38.1 parts of acrylon.tnle, 100.3 parts of buty y d 

solids content of 28%. 
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Example 2 

,40.6 parts of starch 2 ^^ZTJZZ^^" 
oueous 0.5% copp«(i;).uKrte ^ « ^ ^ fQr about 30 minutes 
80-C. The mixture ,s allowed to at th, ™ J The feedin g of 

so that the starch will ^«^ , ™ 5 t0 3 p ar t s of 2-ethylhexyl acrylate and 
the monomer mixture, wh ' c . h ^^ Jroxide solution (230.5 parts) is started 

I-ft^^^^ 
solids content of 34%. 



15 Example 3 

parts of a native ^^ 0 £^TJL°K^™ 
mix ed with 554.8 parts of wate. To the m xtu^ ^ ^ ^ ^ 
sodium hydrox,de solution and I the m ' xt so|ut]on in the course of 30 

20 is added 10 parts of 5% hydrogen peroxa for & further 1 

minutes, after which the mixture *wed to st , r chem 
hour. To the reaction ^^A ^lVcl which temperature it is allowed 
,74%), and the »Jr"^° ™ degree of cationicity of the starch ,s 

,o react for 4 hours At th.s step. _ the dag conditions is about 5 

25 0.15, and the intrinsic viscosity n the P™™^ dj g., parts of S% 

dl/q The pH of the reaction solution is lowere I By a jns 38-1 

n LchJc aoid. The feeding of ^ ™ X ™%£ 2 parts of styrene, 

parts of acrylonitrile, 1 00.3 parts of butyl a ^ fe = simu|taneous|y . The 

30 hoterm=ffe^ ^her 1 



35 Example 4 

61 .2 parts of starch 3 is slurriec I with 487 ^arts ^'^e r^et^atjd 
added'lO parts of 10% «^}^^ Z ded and it is aUowed to react 
to 80°C. 4.1 parts of a "T^"!^^ ^ 0 f he starch is 0.05 and the 
4 „ for 5 hours. At this «»p. the degree of . 5 , owe b 

intrinsic viscosity is 1.5 dl/g. The pH ot tne co pper(ll)sulfate 
adding 9.1 parts of 5% "V«nc ^Jmer mixture, which contains 38.1 
solution is added. The feeding of the roonm i g Qf styrene 

parts of acrytonitrile. 100 3 par s of butyl a ayto t. simu , taneously . The 

« ml^°m=ffedP ^i^^^.^" 
-^a^r^^T rSn- a solids content of 28%. 
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Example 5: Comparison of the dry strength effect of an AKD (alkytketen dimer) 
and a polymeric size 

Paper (80 g/m 2 ) was produced by means of an pilot paper machine by using a 
web width of 1 m and a speed of 80 m/min. The used cellulose was a mixture 
of birch and pine (60/40) which has been beaten to a freeness of from 25 to 
30°SR. In addition, 25% of filler (a mixture of PCC and GCC), based on the 
10 total pulp content, 0.8% of pulp starch with a degree of cationicity (DS) of 
0.045, and retention agents were used. 



Pulp: 60% of birch, 28°SR, 40% of pine, 25°SR 

Filler: 17.5% of GCC, 7.5% of PCC 

Retention: Percol 162 0.02%, bentonite 0.1 % 

Pulp starch Raisamyl 145 C 





Size (the amount of 


Tensile strength index 


Porosity 


20 


active size added, based 
on the amount of dry 
pulp) 


[Nm/g] 


[ml/mini 




AKD (0.15%) 


59.9 


1360 




The dispersion of 


63.8 


1020 


25 


Example 4 (1 .5%) 







With both the samples, the degree of sizing was the same, the Cobb 60 values 
being about 28 g/m 2 . 



30 

Example 6: Determination of inter-laminar strength 

Paper (300 g/m 2 ) was produced in laboratory in a sheet former. The 
composition of the pulp used was a mixture of brown recycled pulp (60%), 
25 mixed recycled pulp (20%) and semipulp (20%). In addition, 2% of spray 
starch with a degree of cationicity (DS) of 0.01 b was used. 



Added material and the amount of the 
active agent 


Interlaminar strength 
[J/m 2 ] 


Dispersion acc. To Ex. 4 1 .0% 


334 


Resin size 0.6% + alum 1.8% 


210 


ASA 0.1 % + alum 0.5% 


303 


AKD 0.1 % + alum 0.5% 


326 



45 With all the samples, the degree of sizing was at the same level, the Cobb, 
values ranging from 27 to 29 g/m 2 . 
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Example 7: Determination of wet tensile strength 

Paper (50 g/m 2 ) was produced by means of a pilot paper machine by using a 
web width of 1 m and a speed of 100 m/min. The sample was taken from the 
first drying section while the paper was still wet, and it was measured without 
delay. The pulp used was a typical mechanical pulp used in the newsprint 
paper manufacture which has been beaten to a freeness of from 66 to 68 SR. 
in addition 15% of filler, based on the total pulp content, 0.4% of pulp starch 
with a degree of cationicity (DS) of 0.2 and retention agents were used. 



Pulp: 
Filler: 
Retention: 
Pulp starch: 
The dispersion 
of Example 1 : 



TMP 

Omyalite 60 10% 

Hydrocol 878 0.04%, Hydrocol 0 0.2% 
0.4% 

0.4% 





Zero point* 


The dispersion of 
Example 1 


Dry tensile strength index 
[Nm/g] 


28.2 


32.1 


Wet tensile strength 


3.0 


3.5 


index 1 [Nm/g] 






Wet tensile strength 


7.0 


8.7 


index 2 [Nm/g] 






Hydrophobicity [s] 


34 


89 


Porosity [//m/Pas] 


7.78 


4.55 



25 



* paper manufactured without using the dispersion prepared in Example 1 
30 While the ash content affects the strength, the ash content of the test point 
has been taken into account in the wet tensile strength index 2. 

Based on the Examples from 5 to 7, the polymer dispersion according to the 
invention acts both as a dry- and wet-strengthener for paper. On account of its 
35 cationic protective colloid, the polymer is retatnea in anionic nu.co. — — 
the test data, it can be concluded that the polymer dispersion improves the 
hydrophobicity of the paper and, unlike the conventional sizing agents which 
are added to the wet end of the paper, it also improves the strength of the 
paper. 



Example 8: Surface sizing tests 

The cellulose in the base paper (80 g/m 2 ) was a mixture of birch and pine 
(60/40) which has been beaten to a freeness of about 25°SR. In add.t.on 
25% of filler (PCC), based on the total pulp content, 0.8% of pulp starch with 
a degree of cationicity (DS) of 0.035 and retention agents were used. The 
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paper was produced by means of a pilot paper 
m/min and a web width of 1 m. 



nachine by using a speed of 80 



The paper was surface-sized >V mean^of a P- ^« ,DSof 
5 °J^TJ%££ points the starch solut.on 

without any polymer. 

The HST (Hercules Sizing Test) o, the surface-sized papers were measured by 
,0 using a 2% Acro s naphthol green solution in 1 % form.c acid. 



Zero point 
Example 1 
Example 2 
Example 4 

Comparative Example 1 
Comparative Example 2 



1 s 
97 s 
28 s 
48 s 
10 s 
24 s 



20 S^S'Spl P"^=ation WO 95/1 31 94 by u.^. -tead o* the 
hydroxypropyl starch, the same oxidized starch as ,n Example 2. 



Comparative Example 1 

42 . 4 parts of .vpoch.orite.xid.ed ^J^^^^ZZ 
,DS) of °-03 B "» ™»^* 1 1 0 i S p assium acetate solution and 18 parts of 
^am^^ 

0.07 dl/g. i.o g m ,o 7 ns of acryionitrile, 76.4 parts 

The feeding of the emu^.on cons.s. ng of 93.7 part .of «c y , jnear 
of butyl acrylate and 0.8 parts of 25 * sod.um sa t a 
dodecylbenzenesulfonate .n 50 parts ° f ^ 2 7 J the course 

r^rt^^^^^^ 

content of 43%. 



Comparative Example 2 
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u ♦ h to RR°C To the mixture was added 0.04 parts of alpha-amylase, 

mixture was measured to be 0^05 dl/g. To the ™" ure of acrylic acid 

ofmethacryncamWopropvlmethylammon.umchlo^e^ P 

and 0.91 parts of 30% hydrogen peroxuia The <^ 0 and 
mixture containing 41 .1 parts of styrene and 41 .1 pa <= °' 0 V J 

^^^^^ 

product obtained was a dispersion with a solids content of 16/o. 

The synthesis of the Comparative Example 2 — 
The solids content was lower than ass "T^ ea ^ nd th t e he a ^nt of unreacted 

4 o,ooo P.*™ t^ts d o" 

monomer in other Examples o J™ ^ h droxypropyl 

P^tion^^ 

r^rrZ^^'^cono^ o, these 
substances. 

Based on the surface sizing results, ^^^^^ * 
invention a greater improvement ,n the ,nk res s ""« '* ac the Com parative 
polymer dispersions which are pnor * nown °' ^ T f 0 Y th e paper has been 
> ^P'»- ™. of the paper. 

^'rinT^^Vir^ved. the water resistance and .nK.et 
properties of the paper are improved as well. 



